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(54) Multi-level stacked integrated-circuit-chip assembly 



(57) A multi-level stack ol integrated circuit has al- 
ternating chips and flip-chips : together with wirebonds 
that interconnect wiring pads (I/O pads) o1 the chips lo- 



cated on differing levels of the stack. In addition, solder 
bumps located between chips and flip-chips located in 
vertically adjacent levels interconnect the wiring pads of 
these chips with the wiring pads of these flip-chips. 



FIG. 1 
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bump. Advantageously further, and adhesive layer 
bonds the bottom surface of the third chip to the top sur- 
face of the second chip. 

The major surfaces of the second and third chips 
(where their respective integrated circuits are located) 
thus can have identical lateral dimensions. Such equal- 
ity in lateral dimensions is advantageous not only in cas- 
es where only available second and third chips have 
identical lateral dimensions but also in cases where min- 
imization of lateral area( B minimum footprint") is desired. 
In addition, if desired, these chips can have the same 
thickness. Moreover, more than a single third chip can 
be located overlying the second chip. Also, the assem- 
bly can have more than three levels formed by (1) the 
wiring substrate or the first chip, (2) the second chip, 
and (3) the third chip, each level comprising one or more 
chips or wiring substrates. 

Brief Description of the Drawing 

FIG. 1 shows an elevation view, partly in cross-sec- 
tion, of a multi-level stacked integrated circuit-chip as- 
sembly according to a specific embodiment of the inven- 
tion. 

Only for the sake of clarity, the drawing is not to any 
scale. 

Detailed Description 

Turning to the drawing, FIG. 1 shows an illustrative 
multi-level stacked integrated-circuit-chip assembly 
1 00. This assembly 1 00 comprises of a motherboard 1 0 
that supports chips 11, 12, 13, 14, 15.. 16. 17, 18, 19, 
20, and 21. The motherboard 10 has an array of elec- 
trical contacts 101 for external electrical access. Via 
holes (apertures) in the mother board 10 are filled with 
metallic plugs 102 or are plated with copper (not shown) 
or are both filled with the plugs 102 and are plated with 
copper, in order to provide electrical access from the top 
surface to the bottom surface of the mother board 1 0. 

The chips 19, 20, 17, 15 : 13, and 11 are thus flip- 
chips because their bottom major surfaces, rather than 
their top major surfaces, contain the respective integrat- 
ed circuitry of these respective chips. These chips 
19,20, 17, 15, 13, and 11 thus have wiring (not shown 
tor the purpose of clarity), that are located on their re- 
spective bottom surfaces. The otherchips 21,16, 16, 14, 
and 12 thus have wiring (not show tor the purpose of 
clarity), as well as wiring pads (not all of which are 
shown, only for the purpose of clarity), that are located 
on their respective top major surfaces. Only for the sake 
of clarity, not all of the wiring pads are labeled with ref- 
erence numerals. 

Chips 19 and 20 are located oh the same (next-to- 
top) level, intervening the levels on which the chips IB 
and 21 are located, only for illustrative purposes. The 
respective bottom surfaces of the chips 21, 18, 16, 14 
and 12 are adhesively bonded by respective adhesive 



. bonding layers 212, 162, 162, 142. and 122 to the top 
surfaces of the chips 20, 17, 15, 1 3, and 11 respectively. 
Typically the adhesive bonding layers 212, 182, 162, 
142 and 122 are electrically insulating and can have a 

s more complicated structure to relieve stress, as is dis- 
closed in US Patent No. -5,473,512 and in the pending 
application "Electronic Device Package Enclosed by a 
Pliant Medium Laterally Confined by a Plastic Rim Mem- 
ber" filed on December 4, 1995 (T. D." Duddear 

to 16-6-6-21) 

An array of solder bumps 1 91 and an array of solder 
bumps 201 directly electrically connect at least some of^; 
the wiring pads located on the bottom surfaces of the 
chip 1 9 and the chip 20 respectively, with at least some 

is of the wiring pads located on the top surface of the chip 
1B. Similarly, an array of solder bumps 171 electrically 
connects at least some of the wiring pads located on the 
bottom surface of the chip 17 with at least some of the 
wiring pads located on the top surface of the chip 16. 

20 Likewise, an array of solder bumps 151 , solder bumps 
131, and solder bumps 111 electrically connect wiring 
pads located on the top surface of the chip 14, the chip 
12 and the mother board 10, respectively. 

Wirebond 211 electrically connects a wiring pad 311 

2B located on the top surface of the chip 21 with a wiring 
pad 318 located on the top surface of the chip 18, while 
wirebond 214 electrically connects another wiring pad 
314 located on the top surface of chip IB with a wiring 
pad located on the top surface of the chip 1 6. Wirebond 

30 21 6 electrically connects another wiring pad located on 
the top surface of the chip 16 with a wiring pad located 
on the top surface of the chip 14. Wirebond 212 electri- 
cally connects another wiring pad located on the tip sur- 
face of the chip 18 with another wiring pad 342 located 

35 on the tip surface of the chip 14. Wirebond 260 electri- 
cally connects another wiring pad located on the top sur- 
face of the chip 16 locatedon the tip surface of the moth- 
erboard 10. 

Wirebond 220 and 230 electrically connect sepa- 
40 rate wiring pads located on the top surface of the chip 
12 with separate wiring pads located on the top surface 
of the motherboard 10. Wirebond 246 electrically con- 
nects yet another wiring pad located on the top surface 
of the chip 1 6 with yet another wiring pad located on the . 
45 top surface of the chip 14. Wirebond 224 electrically 
connects a wiring pad located on the top surface of the 
chip 14 with a wiring pad located on the top surface of 
the chip 12. 

Every wirebond thus skips at least one level, and 
50 generally can skip any odd number of levels. 

Although the invention has been described in detail 
in terms of a specific embodiment, various modifications 
can be made without departing from the scope of the 
invention. For example, the motherboard 100 can be re- 
55 placed by wiring substrate other than a motherboard or 
by an integrated circuit chip. The number of levels can 
be reduced to as few as three levels, with at least one 
wirebond electrically connecting a wiring pad located on 
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the top surface of the top level (i.e., the top chip) with a 
wiring pad located on the top surface of the bottom level 
(i.e., the motherboard, or other wiring substrate, or an- 
other chip) advantageously maintain an array of solder 
bumps between the bottom surface of the (flip-chip) in- 
termediate level and the top surface bottom level. 

Also, the motherboard 10 can be another chip (not 
shown) numbered say 110 for convenience of discus- 
sion, having at least one portion thereof that's wider than 
an overlying portion of the chip 11 . In such a case, ad- 
vantageously a wiring substrate have wider lateral di- 
mensions lhan those of the chip 110, such as a metallic 
lead frame (not shown), underlies the chip 110; and ad- 
vantngcously the bottom surface of this chip 110 has 
solder bumps thai are soldered to the top surface of the 
wiring substrate Also tr\ such a case, advantageously 
the top surlace ot the chip i 1 0 has at least one wirebond 
that connects a wiring pad located on the top surface of 
this chip 1 1 0 with a wiring pad located on the top surface 
of the wiring substrate Also, in such a case, advanta- 
geously at least one wiiebond connects a wiring pad lo- 
cated on the top surlace of the chip 12 directly with a 
wiring pad located on the top surface of the wiring sub- 
strate located beneath the chip 110. 



Claims 

1 . A multi-level stacked integrated-circurt-chip assem- 
bly comprises: 

(a) a first device comprising a wiring substrate 
or a first integrated circuit chip, a top major sur- 
face of the first device having at least a first wir- 
ing pad; 

(b) second and third devices each comprising 
an integrated circuit chip or a wiring substrate, 
the third device located overlying the second 
device, the second device overlying the first de- 
vice, a bottom major surface of the second de- 
vice having integrated circuitry thereat and at 
least a third wiring pad; and, 

(c) a wirebond directly electrically connecting 
the third wiring pad with the first wiring pad. 

2. The assembly of claim 1 or B , in which the top major 
surface of the third device and the bottom major sur- 
face of the second device have substantially iden- 
tical lateral dimensions. 

3. The assembly of claim 1 or 2, further comprising an 
adhesive bonding layer that bonds a bottom major 
surface of the third device with a top major surface 
of the second device. 

4. The assembly of claim 1 or 3, further comprising a 
first solder bump directly connecting the second wir- 
ing pad with a third wiring pad located ori the top 



surface of the first device. 

5. The assembly of claim 4 further comprising a fourth 
and fifth devices each of which comprises an inte- 

5 grated circuit chip or wiring substrate, the fifth de- 
vice overlying the fourth device, the fourth device 
overlying the third device, the fourth device having 
at least a fourth wiring pad located at a bottom major 
surface thereof, the fifth device having at least a fifth 

io wiring pad located at a top major surface thereof, 
(a) a second wirebond directly connecting the 
fifth wiring pad with a sixth wiring pad located on the 
top surface of the first device. 

is 6. The assembly of claim 1 further comprising fourth 
and fifth devices each ot which comprises an inte- 
grated circuit chip or a wiring substrate, the fifth de- 
vice overlying the fourth device, the fourth device 
overlying the third device, the fourth device having 

20 at least a fourth wiring pad located at a top major 
surface thereof, 

(a) a second wirebond directly connecting the 
fifth wiring pad with a sixth wiring pad located on the 
top surface of the first device. 

25 

7. The assembly of claim 6 further comprising; 

(a) a first solder bump directly connecting the 
second wiring pad with a third wiring pad located on 
tfce top surface of the first device and a second sol- 
30 der bump directly connecting the fourth wiring pad 
with a seventh wiring pad located on the top surlace 
of the third device. 

8. The assembly of claim 7 further comprising an ad- 
3£ hesive bonding layer that bonds a bottom major sur- 
face of the fifth device with a top major surface of 
the fourth device. 

9. The assembly of claim 6 further comprising a sec- 
40 ond solder bump directly connecting the fourth wir- 
ing pad with a seventh wiring pad located on the top 
surface of the third device. 

10. The assembly of claim 7 further comprising a third 
as wirebond directly connecting an eighth wiring pad 

located on the top surface of the fifth device with a 
ninth wiring pad located on the top surface ot the 
third device. 

50 n . The assembly of claim 8 further comprising second 
adhesive bonding layer that bonds a bottom major 
surface of the fifth device with a top major surface 
of the fourth device. 

ss 12. The assembly of claim 7 in which the. top major sur- 
face of the fourth device and the bottom major sur- 
face of the fifth device have substantially identical 
lateral dimensions. 
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